Introduction
An important issue for the theory of language change concerns the emergence of regularity from variation. Developments in the analysis of community-level sociological processes have highlighted the importance of considering networks of language users to address this issue, though the relationship between individual behavior and community-level behaviors remains poorly understood. This study explores how those two levels of grammar can behave differently in the evolution of new morphological processes from variation to regularity.
This work takes as an example a specific morphological process that occurs in the part of the Japanese lexicon that consists of loanwords. In Japanese, studying the lexicon constituted by recent loanwords can provide interesting keys to understanding the phonology of that language. Indeed, the phonological particularities that are observable in loanwords represent violations to the language's phonological constraints that would otherwise apply to Japanese words. The study of loanwords thus allows us to better understand the extremes of variation that are permissible in order to be considered part of the Japanese lexicon. In other words, loanwords give us an overview of the Japanese lexicon's boundaries as well as the phonological constraints that it must follow. It is not surprising then that Japanese loanwords have been the focus of many works, especially in an Optimality Theoretical framework (Itô & Mester 1995 , 2008 Kubozono, Ito & Mester 2008; Lamarque 2013 Lamarque , 2015a Lovins 1973; Ohso 1971; Shinohara 1996 Shinohara , 1997 .
The morphological process that is the focus of this study involves the creation of an abbreviation out of two words of foreign origin. A well-known example is the word pokemon, which originates from the two English words 'pocket' and 'monster', pronounced poketto and monsutaa when adapted to Japanese phonology (Shinohara 1997) . This abbreviation process is very productive in modern Japanese and gives rise to so called Compound Abbreviated Loanwords (hereafter 'CALs', Labrune 2006) . CALs are derived from a compound base typically consisting of two constituents of a foreign origin. The final derived CAL always includes elements from both constituents, and its formation is subject to prosodic constraints. While the ordering of these constraints was initially variable in Japanese, it has stabilized in recent decades, such that more recent attested forms tend to conform to a single grammar (Lamarque 2015b) . Here, we explore how this stabilization process relates to community-level processes by examining the results of two studies using different methodological approaches: the first involves an analysis of lexicons of attested CALs used by the community of Japanese speakers, while the second explores the abbreviation habits of individuals in the creation of new CALs using an experimental approach.
Outline of the paper
In section 2, we will review some of the previous studies on CALs. The first part of this section focuses on Labrune's contribution to the study of CALs through the creation and analysis of a large lexicon of abbreviations of Japanese loanwords (Labrune 2002 (Labrune , 2006 (Labrune , 2007 (Labrune , 2008 . The second part of the section presents a previous study that builds on Labrune's research to explore the evolution of CALs by comparing lexicons from different time periods (Lamarque 2015b) . By examining attested forms collected in different lexicons, this section focuses on the regularization of CALs at a community level. This section also provides an Optimality Theoretic (Prince & Smolensky 1993) analysis of the CAL derivation process. Section 3 reports on the methodology and findings of a new study. The main objective of this study is to directly test several observations from the lexicon-based studies using a more experimental approach. The experiment takes the form of an online survey in which Japanese speakers are asked to create new abbreviations. The results suggest that in an isolated situation, individuals do not show the regular abbreviation patterns that are observed at a community level. In the discussion, we provide an analysis of the results of the survey and attempt to explain their apparent contradiction with data found in the lexicons. The last part of this section provides an analysis of CALs based on stochastic Optimality Theory (Anttila 1997; Boersma & Hayes 2001; inter alia) . This framework turns out to be better suited to modelling highly variable processes such as those observed in the derivation of CALs at an individual level.
Previous studies on CALs
In order to understand how CALs are formed, it is crucial to understand the role of the mora as a prosodic unit in Japanese. A mora is a minor prosodic unit whose size ranges between a phoneme and an entire syllable. Morae are used to measure the weight of syllables (Davis 2011) . A light syllable (i.e. a syllable without a coda) weighs one mora; whereas a heavy syllable (i.e. a syllable with a coda) weighs two morae. This is illustrated in figure 1 In terms of prosodic typology, Japanese is classified as a mora-timed language (Ramus 1999) , which means that the mora is its fundamental rhythmic unit (Labrune 2005) . This implies that in Japanese, morae play an important role in a wide range of phonological processes. Of course, this is also the case for the formation of CALs.
The general derivation principle for CALs
The formation process for CALs follows a general derivation principle which superficially appears to be quite simple. Labrune (2007) describes it as follows: 'the two first morae of the two constituents of the base (hereafter 'C1' and 'C2') are maintained'.
1 The derivation process for the word pokemon is illustrated in Figure 2 below. In this example, the two first morae of po.ke.t.to and mo.n.su.ta.a are maintained to form the four-mora long abbreviation po.ke.mo.n However, while this general derivation principle represents the most typical way of creating CALs, there are a number of abbreviations that deviate from it in some way. This suggests that the CAL formation process is rather complex, and indeed, a statistical analysis of the phonology of CALs sheds light on the underlying regularity of a number of apparently exceptional abbreviations.
This was in fact the aim of Labrune's work on Japanese loanword abbreviations (Labrune 2002 (Labrune , 2006 (Labrune , 2007 (Labrune , 2008 . By collecting and analyzing a lexicon of 1314 abbreviations, she was able, firstly, to make a distinction between Simple Abbreviated Loanwords (hereafter SALs) and CALs. While the formation of CALs, as already mentioned, relies on the conservation of the initial morae of several constituents, SALs' formation relies on the accent pattern of a single constituent. Since those two abbreviation types follow entirely different rules, they deserve to be considered and studied as two different morphological processes.
A large proportion of the literature on Japanese loanwords has been grounded in an Optimality Theoretic approach (Prince & Smolensky 1993) , which has proven to be an appropriate framework for this subject (Itô & Mester 1995 , 2008 Shinohara 1997) . In her work, Labrune also provided an analysis in Correspondence Theory (Benua 1995 (Benua , 1997 McCarthy & Prince 1995) . While this theoretical framework grew out of Optimality Theory, it proved to be better suited for the description of linguistic processes involving the reduplication of some already existing output (in our case: an abbreviation process). Whereas for standard OT studies, faithfulness constraints are involved in an input-output relation, Correspondence Theory focuses on identity constraints involved in an output-output relation, the first output being the base and the second output its abbreviation. This is illustrated in -BINARYFEET: all feet must be binary in morae.
-BINARYPROSODICWORD: the prosodic word (i.e. the abbreviation) must be binary in feet.
-MAXLEX: every lexeme of the base must be present in the abbreviation.
-ANCHORLEFT: every foot of the abbreviation must be anchored to the left border of the base lexeme it comes from.
-CONTIG: the maintained morae in each foot must be contiguous in the base.
-DEP: all segments in the abbreviation must be present in the base (no epenthesis). This in enforced by an inviolable constraint PARSEμ.
BINARYPROSODICWORD enforces that all CALs are binary in feet, thus, one foot for the first constituent (C1) and another one for the second constituent (C2). Even if some CALs contain one or three-mora long constituents, there is however no four-mora long constituent in any CAL. Since violation of BINARYPROSODICWORD apparently never occurs, it seems logical that this constraint appears at the top of the hierarchy.
The fact that the two initial morae of each constituent are maintained in a CAL can be explained by the action of three constraints: CONTIG, ANCHORLEFT and BINARYFEET. CONTIG requires that the maintained morae are contiguous in the base, ANCHORLEFT that they are initial, and BINARYFEET that they are exactly two in number.
The three remaining constraints (i.e MAXLEX, DEP and IDENTFEATURES) provide some conformity between the base and its abbreviation. MAXLEX enforces that the abbreviation contains at least one element from the two constituents of the base, DEP prevents any element that is not present in the base to be added to the abbreviation, and IDENTFEATURES excludes eventual modifications that segments could undergo during the abbreviation process.
The tableau 1 below shows the derivation process for a canonical CAL [meta-kiN], from 'metal king' in English, pronounced [metaɾu-kiNgu] . This illustrates which types of output candidates are ruled out by which constraint.
Exceptions to the general derivation principle
The derivation principles for CALs described above represent only general tendencies, and there is a wide range of exceptions, which involve infractions to one or more of constraints mentioned above. Labrune (2007) notes certain phonological contexts that favor the creation of exceptional CALs. In a majority of cases, for example, the creation of an exceptional CAL is due to the presence of either /R/ (i.e. vowel lengthening) or /Q/ (i.e. first part of a geminate consonant) as the second mora of C2. For example, the name of the famous actor Brad Pitt, pronounced bu.ra.d.do pi.t.to, in which the second mora of C2 is the first part of a geminate consonant (.t.), is abbreviated as bu.ra.pi.
It appears then that the presence of one of those special segments in the final position of a CAL is somehow problematic for the Japanese phonological grammar. This is understandable if we consider, on the one hand, that /Q/ needs a consonant at its right which it can geminate in order to be pronounceable, and on the other hand, that /R/ is generally disfavored in the final position of Japanese words.
In those specific phonological contexts, there are four possible treatments for the special segments /R/ and /Q/:
The special segment is maintained as any other mora. CALs thus created are not exceptions to the general derivation principle but regular abbreviations. Note that it is impossible for /Q/ to be maintained, since there is no possible pronunciation for /Q/ if there is no consonant at its right. The special segment is maintained, but it is followed by another mora (usually, the one that follows in the base constituent). This prevents /R/ or /Q/ to be in final position but creates a three-mora long C2 in violation of BINARYFEET. Labrune's studies reveal many important facts about the main constraints that play a role in the derivation of CALs as well as the phonological contexts that favor the creation of exceptions. However, CAL creation as a productive morphophonological process entered into the Japanese grammar only relatively recently (post World War II). Studies based on a chronologically fixed lexicon, such as Labrune's, are not able to capture changes which may be taking place as this relatively new process diffuses through the community. Building on Labrune's research, the next section explores how CAL derivation has evolved over time, using as a first method the comparison of two lexicons from different time periods.
Comparison of corpora
The fourth possible treatment presented above, Deletion, is particularly interesting in that it results in a three-mora long CAL. Indeed, it seems that this kind of exception, even in the cases when it is not due to the presence of /R/ or /Q/ as second mora of C2, is frequent enough to be noticed by naive native speakers of Japanese. A few speakers we interviewed suggested that the tendency for three-mora CALs is a relatively recent trend. In other words, recent abbreviations would tend to be cut to three morae more often than older CALs. In a previous study (Lamarque 2015b) we tested the hypothesis that three-mora CALs are more frequent among recent abbreviations. Particular attention was paid to CALs involving Deletion of /R/ and /Q/ when these appear as the second mora of C2. we therefore take it as representative of 'older' tendencies in the formation of CALs. To assure that the comparison between the two lexicons was meaningful, we created the video game lexicon using the same criteria as Labrune:
-A single iteration of a CAL was sufficient for inclusion -Only one entry for each CAL, even when attested several times.
-If two CALs were created from the same base, then both CALs were included.
-Certain types of abbreviations similar to CALs were excluded: acronyms (ex: OL (ooeeru) < ofisu redii 'office lady'); abbreviations mixing a Japanese word with a foreign one (ex: kara-oke < kara 'empty' (Japanese) ookesutora 'orchestra' (English));
abbreviations involving the deletion of a whole lexical word (ex: amerikan < amerikan koohii 'American coffee'); etc.).
If we first compare the proportion of CALs in each lexicon by length in morae, it appears that the video game lexicon indeed contains a larger proportion of three-mora abbreviations. This is illustrated in Figure 4 below: 
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In the older lexicon, it is not possible to identify one treatment that is preferred over the others. It appears that at least two treatments are in competition both for /R/ and /Q/. In the case of /R/, it is Maintained almost as often as it is Deleted; and in the case of /Q/, it is Followed almost as often as Deleted. However, the video game lexicon does not show such a balanced competition. Indeed, the Deletion is the preferred solution in every case, with a proportion of more than 80%. This shows that the deletion of the special segments /R/ and /Q/ when they appear as second mora of C2 has become systematic with time. These results therefore suggest an evolution of the treatment of /R/ and /Q/ with time.
This new regularity should be included in the analysis of the CAL derivation process.
From an OT point of view, this requires the inclusion or modification of certain constraints.
The new analysis we present here builds on Labrune's (2007) though it is slightly different regarding the inclusion of the treatment of /R/ and /Q/. 2 First, it is necessary to include two constraints that express the dispreference for /R/ and /Q/ in final position. Such constraints are violated whenever /R/ or /Q/ are Maintained: -*V:#: no long vowel in final position.
-LICENSE/Q/: the special segment /Q/ must be correctly licensed by a consonant at its right.
It is then necessary to distinguish between the Following and Deletion treatments, which are both in violation to the same constraint, *BINARYFEET, though in different ways.
Without such a distinction, it would be impossible, for example, for the grammar to differentiate between the two candidates in Tableau 2 below: -*FEET>2: feet must not be longer than two morae.
-*FEET<2: feet must not be shorter than two morae.
2 Another difference is that we exclude the MAXLEX constraint from our analysis. We consider CALs to be abbreviations that maintain exactly two lexemes out of the base constituents. On the same basis that one-lexeme abbreviations (Simple Abbreviate Loanwords) follow a different derivation process, we consider that three or more lexeme abbreviations have to follow slightly different rules that take into consideration those extra lexemes. In other words, an abbreviation considered to be a CAL in violation of MAXLEX in Labrune's analysis is not considered a CAL at all in ours. In any case, such abbreviations are very rare and would not have a significant influence on the observations presented here. Tableaux 3 to 6 below illustrate how the constraints involved in the treatment of /R/ and /Q/ should be ranked, according to the data from the video game lexicon. This means that the constraint *FEET<2 is dominated by all the other constraints. Regarding the ranking of the other constraints, since LICENSE/Q/ and *FEET>2 are never violated in the video game corpus, they must be placed above CONTIG and *V:#. The slight preference for the Maintaining of /R/ over the Replacement treatment indicates that *V:# is ranked higher than CONTIG. The hierarchy of all constraints is thus as follows 
Influence of age on abbreviation preferences
Through the analysis of lexicons of attested abbreviations, the results of the previous studies on CALs provided important insights regarding the phonological constraints governing their formation. Attested forms from the existing lexicons reflect well-formedness for CALs with respect to what is accepted and used by the community of speakers as a whole. Those studies also provided a general picture of the evolution of the derivation process over time. However, the associated attested forms do not necessarily reflect the grammatical preferences of individual language users based on their everyday experience with their language. One major issue with this methodology is that each entry in the lexicons has the same weight regardless of how frequently it occurred. In other words, a CAL that has been uttered once, in a very specific situation is represented with the same importance as a CAL that is used often and in a wide variety of situations. This makes it difficult to draw clear conclusions regarding the actual use of CALs, as well as how usage relates to the internal states of individuals. In order to obtain broad-based corroboration for the observations from the lexicon studies, we therefore conducted a new study using an experimental approach that explores the behavioral tendencies of individuals.
Methodology
The main hypothesis for the present study follows from the prediction that if the grammar governing the derivation process for CALs has recently undergone an evolutionary change, then there should be an observable change in the abbreviation preferences of individual speakers. We further assume that such a change-in-progress would manifest as a difference in behavior across speakers of different ages.
In order to test this hypothesis, we conducted an experiment in the form of an online survey in which Japanese speakers were asked to create new CALs from specific base constituents. This survey was created using SurveyMonkey, an online survey development cloud-based software. Participation was solicited by advertising through e-mails and social networks for about a month (from 03/08/2016 to 10/04/2016) and 118 participants answered over that period. Figure 6 below shows the distribution of participants by age.
Figure 6: Repartition of participants to the survey in age groups
The task consisted in creating new CALs from 100 pairs of English words. Both the English and Japanese katakana writing forms were visible to the participants. They were asked to enter their answer in an empty text box before proceeding to the next pair of words.
However, they could not go back to modify a previous answer. Most of the loanwords that were selected for this study were taken from the two lexicons used in previous studies, so that each constituent was already attested in a CAL.
However, for some specific phonological contexts, the lexicons did not contain enough different items, so loanwords from different sources (online specialized dictionaries) had to be used. When extracted from a lexicon, loanwords were paired with a different word than the one they appeared with, so that participants were creating new abbreviations and were not simply using ones they already knew. Since the focus of the experiment was the treatment of /R/ and /Q/ in final position of C2, particular attention was paid to minimize the possible influence of C1 on the outcome. All C1s were selected to be as neutral as possible (i.e.
containing no phonological characteristic that favors the creation of irregular CALs) and two versions of the survey were created with the same C1s associated with different C2s.
Participants answered one of the two different versions at random.
Results
Figure 8 below presents the results for all items having /R/ as second mora of C2, while figures 9 and 10 show the results for /Q/. It appeared that the number of morae of the base constituent of C2 had a significant influence on the treatment of /Q/, so the data is presented separately according to whether C2 is tri-moraic (figure 10) or non tri-moraic (figure 9). Overall, the presence of such unexpected forms fits with a more general observation: the results of the survey show a high degree of intra-speaker variation. Indeed, regardless of the age of speakers, all possible treatments were used and in most cases there is not a single treatment that clearly dominates the others. Moreover, the participants explored in their responses some unexpected possibilities for deriving CALs. Figure 8 shows that Maintaining is the preferred treatment of /R/ as the second mora of C2 regardless of the age of the speaker. However, this is not as clear in the case of /Q/.
Indeed, it is clear from figure 9 that there is not one treatment that dominates the others, and figure 10 shows that the Deletion and Following treatments are preferred in the case of a trimoraic C2, though age does seem to have an influence on which of the two is more frequent.
In all three figures, it appears that Deletion of /R/ and /Q/ is more frequently used by younger people (yellow line). The statistical analyses were run using a generalized linear mixed model on R with the lme4 package (Bates et al. 2014) . In every case, the fixed factor is age and the dependent variable is the kind of treatment chosen. Even though age is divided in only four groups in the figures, for visual representation, it was considered as a continuum in the statistical analysis. This analysis revealed that the effect of age on proportion of Deletion is significant (p<0.001 for figure 8; p<0.01 for figure 9 ; and p<0.001 for figure 10 ). The increase in the proportion of Following treatment with age in figure 10 is also significant (p<0.01). This is consistent with the general pattern of the plots which suggests that, with age, Deletion decreases in frequency while Following increases.
Discussion
The results presented above partly corroborate the findings of the lexicon-based studies. In spite of some surprising aspects, for example, the survey results overall support the hypothesis that age has a significant influence on the abbreviation habits of Japanese speakers. Moreover, regarding the treatment of /R/ and /Q/, young people actually use Deletion more frequently than older people, which is also consistent with the results of previous lexicon-based studies.
Additionally, as with the lexicon-based studies, the size of C2 had an influence on the treatment of /Q/. Looking back at figure 5, it can be noted that /Q/ was Followed in 40% of the cases in Labrune's lexicon while this treatment never occurred once in the video game lexicon. In fact, the cases of /Q/ being Followed in Labrune's lexicon always occur when /Q/ is the second mora of a tri-moraic constituent. This kind of constituent usually arises from the adaptation of English words that consist of just one heavy syllable. For example, 'bed', bag' or 'pit' become respectively /be.Q.do/, /ba.Q.gu/ and /pi.Q.to/ in Japanese. In Labrune's lexicon, this kind of constituent would be kept as a whole in the abbreviation, whereas in the video game lexicon, there is not a single occurrence of such a treatment. This phenomenon is reflected in the results of the survey shown in figure 10 , whereby young speakers have a strong preference for the Deletion of /Q/ in a tri-moraic constituent whereas older people tend to prefer the Following treatment. The crossing of the two curves underlines the change of preference from Following to Deletion with age.
In spite of some similarities between the results of the lexicon-based studies and those of the new experiment, they also differ in several important respects. Most saliently, the results of the survey show a high degree of variation regardless of the age of the speakers.
While the data from the lexicons suggest that an already regular derivation process became more regular with time, the survey suggests that CAL formation at the individual level remains a highly variable process. Participants in the survey made use of all four possible treatments for /R/ and /Q/, whereas even in Labrune's lexicon, only two of these were dominant for each type of special segment. Moreover, Deletion, which was the preferred treatment in both lexicons and for both segments, is not the most common treatment for all cases in the survey. This includes the fact that it loses to the Maintaining treatment for /R/ across all age groups (figure 8), and to various other possible treatments for older age groups for both /R/ and /Q/.
Another important difference lies in the fact that the total proportion of responses involving the four main treatments for /R/ and /Q/ is much less than 100%. The use of a wide range of different abbreviation strategies and various unexpected violations to otherwise active constraints is surprising considering how productive and overall regular the CAL formation process appears to be among attested forms. In the end, the Deletion treatment represents less than 30% of survey responses (see figure 10) , which is even less than in Labrune's lexicon. In that sense, it is difficult to say that this treatment represents a new regularity.
Since the present study sought to corroborate that CAL formation has regularized, the large amount of variation observed in the results is somewhat puzzling. The divergence between the results of lexicon studies and those of the survey may be due to differences in the nature of the collected data. On the one hand, the CALs in the lexicons represent actual Given these considerations, it appears that the CAL derivation process is indeed undergoing regularization at the community level, but individuals are lagging in the assimilation of the newly emerged rules. The fact that the survey-based study shows similar overall tendencies to the lexicon data but to a smaller extent suggests that individuals actually follow the same path of regularization as the community, only at a slower pace.
With respect to the community-level patterns, which exhibited relatively less variation, a standard Optimality Theoretical analysis proved to be very useful for characterizing the results. But this kind of framework, without some adjustments, is not as well-suited for characterizing the inter-and intra-individual variation found in the survey study. Stochastic
Optimality Theory (Anttila 1997; Boersma & Hayes 2001 ; inter alia), by comparison, can capture not only individual-level variation, but also subtle gradient changes to the pattern of variation over time or across generations. In this framework, constraints are not considered to be strictly ranked in a hierarchy but instead occupy overlapping distributions on a harmony scale, and the ordering on any given occasion is obtained by sampling from those distributions.
We will here examine only the five constraints that enter in consideration in the treatment of /R/ and /Q/ as second mora of C2: LICENSE/Q/, *V#, CONTIG, *FEET<2, *FEET>2.
Since LICENSE/Q/ is never violated, it is not necessary to consider its overlap with other constraints. The figures below illustrate the overlapping distributions for the four remaining constraints. LICENSE/Q/ is not shown here; it would be out of frame on the left. , so CONTIG appears toward the upper end of the scale.
The constraints associated with Deletion and Following would then appear toward the middle.
In both figures, the distribution of all four constraints distributions overlap with every other constraint around the center of the figure. This reflects the possibility for every treatment (i.e., ranking) to be selected stochastically while also expressing the different level of preference for each one.
The influence of age on the abbreviation habits can be explained in terms of gradual shift of the distribution of *FEET<2 and *FEET>2 over time. As shown in the transition from figure 11 to figure 12, the shifting preference from Following to Deletion from older to younger speakers is represented by the reversal of those two constraints' positions on the harmony scale. It was observed in the lexicons that Deletion became systematic at a community level, which lead to the ranking of *FEET<2 at the very bottom of the hierarchy. It appears that this constraint is undergoing the same down-ranking at the individual level too, though the process is still ongoing.
Conclusion
The CAL derivation process, being a recent and productive process in modern Japanese, provides interesting insights into the evolution of that language's phonology. Since CAL formation is based on loanwords, it can, on the one hand, be viewed as relatively peripheral in in the lexicon of Japanese (Ito & Mester 1995 , 2008 . At the same time, CALs are formed according to a typically Japanese process, and therefore tend to be more respectful of the central phonological constraints in Japanese phonology. It seems that CALs have been well adopted by the community and this is reflected in the quantity of such abbreviations that already exists and which are constantly being created. Moreover, the community tends towards more and more regularity in the creation of new CALs, thus improving further their utility and acceptability as a means for appropriating words of foreign origin.
However, given the recent increase in the number of CALs, it appears that newly emerged preferences, especially those regarding the treatment of /R/ and /Q/, have not yet been fully assimilated by individuals. The results of our experiment show that the evolution observed in the lexicons is correlated with the abbreviation preferences of individuals, with younger individuals being more inclined to use the Deletion treatment for /R/ and /Q/.
